systems for ships. Following these international restrictions on the use of organotin-based antifoulants, paint manufacturers have designed many alternative bioinhibitive products. In Japan, more than 20 chemical substances have been used or proposed as alternative compounds. Two booster biocides in common use worldwide are -1,1-dimethylurea) and Irgarol 1051 (2-[tert-butylamino]-4-[cyclopropylamino]-6-[methylthio]-1,3,5-triazine) (Lambert et al., 2006) . According to the Japanese Paint Manufacturers Association, Diuron and Irgarol 1051 are some of the most frequently used antifoulants (Tsunemasa and Okamura, 2011) while as Fenitrothion (O, phosphorothioate) is widely used as an insecticide.
Both Diuron (C 9 H 10 Cl 2 N 2 O), a phenyl urea derivative, and Irgarol 1051 (C 11 H 19 N 5 S)-a triazine derivative, are herbicidal photosystem II inhibitors (Ferrer and Barcelo, 2001 : Backhaus et al., 2004 : Ogawa et al., 2004 : Devilla et al., 2005 : Lambert et al., 2006 : Zamora-Ley et al., 2006 : Sheikh et al., 2012 . They are used to control weeds and also as marine antifouling compounds. Fenitrothion (C 9 H 2 NO 5 PS) is an organophosphate insecticide that has Antifouling agents and Fenitrothion contamination in seawater, sediment, plankton, fish and selected marine animals from the Seto Inland Sea, Japan CHIKUMBUSKO CHIZIWA KAONGA, KAZUHIKO TAKEDA and HIROSHI SAKUGAWA* Graduate School of Biosphere Science, Hiroshima University, 1-7-1 Kagamiyama, Higashi-Hiroshima 739-8521, Japan (Received March 13, 2014; Accepted August 23, 2014) Studies have shown that Diuron, Irgarol 1051 and Fenitrothion are toxic to reef building (hermatypic) corals, nontarget marine algae and a wide variety of aquatic organisms, respectively. In this study, marine samples were collected from the Seto Inland Sea, Japan, to assess the distribution of Diuron, Irgarol 1051 and Fenitrothion among water, sediments and aquatic organisms (plankton, fish and selected marine animals). Samples were cleaned and extracted by Solid Phase Extraction (SPE) and analysed with reverse phase HPLC system (Shimadzu Corporation, Japan) equipped with a UV-Vis detector. The maximum concentrations for Diuron, Irgarol 1051 and Fenitrothion were 2.18 µgl -1 , 1.07 µgl -1 and 0.05 µgl -1 in surface waters, respectively; 0.06 µgl -1 , 0.09 µgl -1 and 0.04 µgl -1 in bottom waters, respectively; 0.075 µgg -1 dry weight (dw), 0.069 µgg -1 dw and 0.051 µgg -1 dw in sediments, respectively; 2.83 µgg -1 dw, 2.04 µgg -1 dw and 0.46 µgg -1 dw in plankton, respectively; 4.12 µgg -1 dw, 3.14 µgg -1 dw and 0.48 µgg -1 dw in fish and selected marine animals, respectively. The highest concentrations of Diuron and Irgarol 1051 were found close to a port and ship building industries, whilst maximum concentrations of Fenitrothion were detected near river estuaries. The general trend was that of decreasing pesticide concentrations away from the mouth of rivers flowing into the Seto Inland Sea. Our calculated bioconcentration factors (BCFs) indicate that plankton, whole fish and selected marine animals samples bio-accumulate antifoulants and pesticides. The accumulation gradient in fish samples was viscera > liver > gills > fillet. Measured concentrations of both the antifoulant booster biocide Irgarol 1051 and the insecticide Fenitrothion in both whole fish and marine animals sampled exceeded the Japanese Maximum Residual Limits (MRLs) as did 21% of foods sampled for Diuron.
INTRODUCTION
Worldwide, about 2.4 billion kilograms of pesticides are used each year (Grube et al., 2011) . Japan is one of the major pesticide users worldwide with more than 450 active products distributed among 5400 commercial products (JPPA (Japan Plant Protection Association), 2000). The pesticides used include booster antifoulants (compounds normally added to paints), herbicides and insecticides. Antifouling paints are applied to the hulls of ships and boats to prevent the growth of bacteria, larvae, macroalgae, mussels, barnacles and other invertebrates. The paints contain biocides which are released over time and are by design toxic to fouling organisms (Boxall et al., 2000) . The International Maritime Organization (IMO) adopted the International Convention on the Control of Harmful Antifouling Systems (1st to 5th October, 2001, London), (Harino et al., 2007) which prohibited the use of organotins as active ingredients in antifouling remained in use since 1959 to control insect's pests (IPCS, International Programme on Chemical Safety, 1992) and is heavily used in countries where Parathion (Organophosphate insecticide and acaricide) has been banned, including Japan (Melgar and Machado, 2005) . A first report on the Seto Inland Sea, Japan, found the highest concentrations of Diuron and Irgarol 1051 to be 3.06 µgl -1 and 0.26 µgl -1 , respectively (Okamura et al., 2003) . Although there were no reports available for Fenitrothion from the Seto Inland Sea, Tahara (2005) reported that this compound has been detected in rivers in the Hiroshima prefecture, some of which end up into Seto Inland Sea. One of them is the Kurose River and a study by Derbalah et al. (2003) found Fenitrothion concentrations up to 0.304 µgl -1 in this river. Once Fenitrothion finds its way into sea water, it may not easily degrade. This is because high salt content suppresses the activity of microorganisms as shown by a study done by Kodama and Kuwatsuka, (1980) on Parathion, Methyl Parathion and Fenitrothion. Also, the type of microrganisms found in seawater are physiologically different to those in freshwater (Hobbie, 1988) . For example, in a study by Bondarenko et al. (2004) , it was found that the organophosphate pesticides (Diazinon and Chlorpyrifos) were more readily degraded in freshwater than in seawater.
When released into the aquatic environment, these chemicals are distributed among water, sediments and assimilated by aquatic organisms (Harino et al., 2005) . Since pesticides are generally synthetic chemical substances with variable toxicity, they can decrease drinking water quality and endanger non-target species (Sudo et al., 2005) . In aquatic organisms, pesticides cause a number of problems. Diuron has been shown to reduce the hatching percentage of Atermia salina (Alyuruk and Cavas, 2013) , photosynthesis in two species of sea grasses (Zostera capricorni and Halophila ovalis) (Haynes et al., 2000) and the coral, Galaxea facsicularis (Sheikh et al., 2012) . It has also been shown to reduce the symbiont population in tentacles of symbiotic juveniles of the hermatypic coral Acropora tenuis (Watanabe et al., 2006) , as well as causing abnormalities or death in newly hatched fish (Fathead minnows) (Call et al., 1987) and being implicated in burst swimming reactions in gold fish (Carassius auratus auratus) (Saglio and Trijasse, 1998) . Irgarol 1051 above certain environmental concentrations has been shown to decrease photosynthetic activity of nontarget marine algae (Dahl and Blanck, 1996) , thus altering the ecology and natural trophic integrity of coastal areas (Basheer et al., 2002) . It also inhibits spore growth of the green macroalga Enteromorpha intestinalis (Scarlett et al., 1997) , reduces the photosynthesis rate of the coral Galaxea facsicularis (Sheikh et al., 2009 ) and significantly increases lipid peroxidation (oxidative degradation of lipids) concentrations in the estuarine fish Fundulus heteroclitus (Key et al., 2009) . Fenitrothion is toxic to a wide variety of aquatic organisms (Fairchild et al., 1989) including daphnia species and rainbow trout (Onchorhyncus mykiss) (Ernst et al., 1994) . It has been shown to cause necrosis of gill lamellae and haemocytic congestions (thrombosis) in the efferent and afferent gill vessels in shrimps (Lignot et al., 1997) and reduces the activity of the enzyme 3-β HSD (3-β-hydroxysteroid dehydrogenase) which catalyses the secretion of gonadotrophic hormones in cyprinid fish Cyprinus carpio communis (Kapur et al., 1978) . Balakhrishnan et al. (2012) reported the concentration ranges of Diuron and Irgarol 1051 in surface seawater, sediments and plankton of the Seto Inland Sea and found the specific distribution related to off shore transport of these antifouling agents with results showing a decrease in concentration away from coastal areas. In this study, we investigated Diuron, Irgarol 1051 and Fenitrothion concentrations in coastal marine environment of the Seto Inland Sea, specifically sampling surface and bottom seawater, sediments and plankton. Additionally, biocide concentrations in fish and selected marine animals were analysed. There have been no similar reports on pesticides in fish and selected marine animals from the Seto Inland Sea. Additionally, most studies on booster biocides have concentrated on seawater and not marine organisms. It is important to study the distribution pattern of organic contaminants in seawater and marine organisms due to the problems they cause, as discussed earlier. In this study, discussion is given on the dynamics of these three pesticides and their influence on the coastal marine ecosystem.
MATERIALS AND METHODS

Sampling
Seawater, sediments and plankton samples were collected during three cruises to the Seto Inland Sea from Table 1 . The temperature and salinity were for surface water.
Seawater was collected using ten litre Niskin samplers (General Oceanics, Florida, U.S.A.) by a Rosset system attached with CTD sensors (Sea Bird, SBE-9 plus). The range of surface water sampling was 0-2 m, while for bottom water, it was 10-60 m. Sediments were collected with a Smith-Macintire type sampler (Sampling area; 33 × 33 cm 2 ) and 250 g of sample was transferred to an amber glass bottle. Sediments were not collected at Hiroshima port and sampling sites close to ship building industries. Plankton was collected with a 100 µm mesh size North Pacific Standard net (NORPAC) model number NXX 13 fitted with a flow meter (Rigosha Co. Ltd., Saitama, Japan).
Biocides, Fenitrothion, organic solvents and other equipment
Diuron was obtained from Kanto Chemical Co. Inc. (Tokyo, Japan), Irgarol 1051 from Sigma Aldrich Laborchemikalien (Seelze, Germany) and Fenitrothion from Dr. Ehrenstorfer GmbH (Augsburg, Germany). HPLC grade acetonitrile (99.8%) and methanol (99.7%) were obtained from Nacalai Tesque Inc. (Kyoto, Japan). Dichloromethane (99.5%) and Acetone (99.5%) were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Hexane was obtained from Kanto Chemical Co. Inc. (Tokyo, Japan). Sep-pak C18 solid phase extraction (SPE) cartridges (Packing amount; 360 mg) were purchased from Waters Corporation (U.S.A.).
Sample preparation
Water, sediments and plankton samples Apart from fish and selected marine animals, water column, sediments and plankton samples were prepared and analysed according to the methods of Balakrishnan et al. (2012) . Water: At each station, one litre of surface and bottom water samples were transferred into amber glass bottles from ten litre Niskin samplers. One litre water samples were passed through a glass fiber filter (GC-50, Advantec) to remove particulate matter followed by solid phase extraction using preconditioned Sep-pak C18 cartridges. The cartridges were then washed with 10 ml milli-q water and target compounds eluted with dichloromethane. The solvent was evaporated under a gentle stream of N 2 (g) until almost completely dry followed by re-dissolving in 1 ml acetone before finally dissolving in 1:1 methanol and milli-q water. A 10 g wet sediment sample (taken from an original sample of 250 g with a mean moisture content of 11.97%) was leached by mechanical shaking in 25 ml acetonitrile for 30 minutes. Then the samples were allowed to settle and the supernatant was transferred to a round bottom flask and concentrated by rotary evaporation at 40°C to around 5 ml. The samples were then cleaned by preconditioned SPE cartridges (Waters Oasis HLB 60 mg/3 cc) before elution with 5 ml dichloromethane. Finally, the purified samples were concentrated to about 200 µl under a gentle stream of nitrogen gas and re-dissolved in 2 ml 1:1 methanol and milli-q water.
Plankton samples were passed through glass fibre filters (GC-50, Advantec), sonicated in methanol and then eluted into a separatory funnel where 5% NaCl (300 ml) was added followed by dichloromethane (75 ml) which separated from the mixture. The dichloromethane layer was taken from the mixture and evaporated under a stream of N 2 (g) until almost completely dry, after which the residue was re-dissolved in 1 ml acetone. Finally, the acetone solvent was evaporated to 100 µl after which it was diluted to 2 ml with 1:1 methanol and milli-q water. Additionally the plankton mass per unit volume of sea water samples was calculated by dividing the mass of plankton against the volume filtered by plankton net. The ranges and mean were 0.33-6.91 gm -3 (2.57 gm -3 ) and 0.02-0.46 gm -3 (0.12 gm -3 ) for 2012 and 2013 samples respectively. Fish and selected marine animal samples Edible fish and marine animal samples were purchased from a local shop from January to November 2013. The samples were not frozen when purchased. These samples were all caught in Hiroshima Bay and surrounding areas of the Seto Inland Sea. There were also two samples that were caught in the Seto Inland Sea during 2013 sea cruise. The sample was a mixture of both benthic (n = 13) and pelagic (n = 6) fish. Species names are found in Table 7 . The length and weight of the smallest fish were 19.2 cm and 77.9 g, respectively. For the largest fish, the length and weight were 39.5 cm and 938.6 g, respectively. Whole fish and selected marine animals samples were homogenised in a blender (Model 1-800 Blendetec) after the addition of 100 ml milli-q water while fish fillets, liver, gills and viscera (intestine without the removal of their inside contents and all other internal organs except for the liver which was analysed separately) were manually crushed with a mortar and pestle. 16 g of each sample was transferred to a beaker and 40 ml of 1:1 hexane and acetonitrile was added before mechanical shaking for 1 hour. The samples were then filtered by glass fibre filter (GC-50, Advantec). Next, the solvent was eluted into a round bottom flask and concentrated to 5 ml using a rotary evaporator at 40°C and cleaned by solid phase extraction (Samples were passed through Waters Oasis HLB 60 mg/3 cc cartridges using a vacuum pump). The cartridges were then washed with 10 ml milli-q water and eluted with 5 ml dichloromethane.
To the eluted samples, 1 ml hexane was added. Finally the purified samples were concentrated to 200 µl (Complete dryness was avoided to prevent loss of target compounds) under a gentle stream of nitrogen gas and redissolved in 2 ml of hexane.
Recovery rates and sample analysis Analyte recoveries were estimated by analysing seawater, sediments, plankton and fish fortified with standard solutions of Diuron, Irgarol 1051 and Fenitrothion. When 1 µgl -1 of each pesticide was added to 1 l of seawater (n = 3), recovery rates for Diuron, Irgarol 1051 and Fenitrothion were 85 ± 5%, 88 ± 6% and 91 ± 4%, respectively. When 10 µg of each pesticide was added to 10 g of sediments (n = 3), the recovery rates for Diuron, Irgarol 1051 and Fenitrothion were 76 ± 7%, 80 ± 4% and 78 ± 5%, respectively. When 10 µg of each pesticide was added to 10 g of plankton (n = 3), the recovery rates for Diuron, Irgarol 1051 and Fenitrothion were 81 ± 8%, 74 ± 3% and 77 ± 5%, respectively. When 10 µg of each pesticide was added to 16 g of fish (n = 3), the recovery rates for Diuron, Irgarol 1051 and Fenitrothion were 75 ± 6%, 78 ± 5% and 73 ± 4%, respectively.
The samples were analysed by reverse phase HPLC system (Shimadzu Corporation, Japan) equipped with a UV-Vis detector using 60:40 acetonitrile and milli-q water as eluent with isocratic elution at a flow rate of 1 mlmin -1 . The UV detector wavelengths for Diuron, Irgarol 1051 and Fenitrothion were 254 nm, 223 nm and 220 nm, respectively. The Diuron, Irgarol 1051 and Fenitrothion retention times were 5.3 min, 9.8 min and 10.7 min, respectively. The BCF were further explained by the octanol water partitioning coefficient (P ow ) which is used to estimate the hydrophilic and hydrophobic nature of organic compounds and indicative bioaccumulation in water environment. Tables 2 and 3 show pesticide concentrations in surface and bottom waters in the 2012 and 2013 samples. The concentrations in surface waters were higher than those of bottom waters. The maximum concentrations in surface water were 2.18 µgl -1 , 1.07 µgl -1 and 0.05 µgl -1
RESULTS
Surface and bottom water samples
for Diuron, Irgarol 1051 and Fenitrothion, respectively. In the bottom waters, the maximum concentrations were 0.06 µgl -1 , 0.09 µgl -1 and 0.04 µgl -1 for Diuron, Irgarol 1051 and Fenitrothion, respectively. Mean values for the Osaka Bay were higher as compared to other coastal sampling points. Mean ± standard deviation in surface waters of the Osaka Bay were 0.074 ± 0.019 µgl -1 , 0.057 ± 0.020 µgl -1 and 0.035 ± 0.012 µgl -1 for Diuron, Irgarol 1051 and Fenitrothion, respectively. For all the other coastal sampling points, the mean ± standard deviation were 0.037 ± 0.014 µgl -1 , 0.035 ± 0.017 µgl -1 and 0.024 ± 0.013 µgl -1 for Diuron, Irgarol 1051 and Fenitrothion, respectively. The Osaka Bay receives its water from Yodo River (largest river flowing into the Seto Inland Sea). In the water samples, Diuron concentrations were higher than Irgarol 1051 and Fenitrothion. This may well be because apart from being used as an antifoulant, Diuron is also used for other purposes, such as a roadside herbicide (see Section "Introduction" ). The pesticide concentrations also decreased away from coastal areas (Fig. 2) (1.03 µgl -1 ) and Irgarol 1051 (0.83 µgl -1 ). Table 1 which contains information about the sampling stations, shows that salinity increases away from coastal areas. This trend is however opposite to that of the pesticides which shows a decrease from coastal areas. This distribution pattern of salinity and pesticide trend is similar to the study by Balakhrishnan et al. (2012) .
Sediment samples
The results for pesticide concentrations in sediments are shown in Table 4 . The maximum concentrations of Diuron, Irgarol 1051 and Fenitrothion in sediments were 0.075 µgg -1 dry weight (dw), 0.069 µgg -1 dw and 0.051 µgg -1 dw, respectively. Highest concentration of pesticides in sediments were found in the Osaka Bay. Mean ± standard deviation in sediments for the Osaka Bay were 0.038 ± 0.024 µgg -1 dw, 0.037 ± 0.020 µgg -1 dw and 0.028 ± 0.014 µgg -1 dw for Diuron, Irgarol 1051 and Fenitrothion, respectively. For all of the other coastal sampling points, mean ± standard deviations were 0.030 ± 0.018 µgg -1 dw, 0.029 ± 0.018 µgg -1 dw and 0.026 ± 0.013 µgg -1 dw for Diuron, Irgarol 1051 and Fenitrothion, respectively. Diuron concentration in sediments was higher than Irgarol 1051 and Fenitrothion. This is also attributed to the fact that Diuron is used as an herbicide and also antifoulant. The concentrations of all pesticides were highest in sediments close to river mouths and decreased away from coastal areas. Table 6 . BCF showed that plankton accumulated the three pesticides from water samples. The distribution pattern of pesticides in surface water and BCF in plankton samples away from coastal areas are shown in Fig. 2 (data for Kure Bay is not plotted because the two stations were separate). There was a decrease in BCF away from coastal areas for all the three pesticides. Table 7 . Accumulation pattern of pesticides in fish organs was in the order of viscera > liver > gills > fillet. Generally, the values in viscera were higher than those in whole fish samples and other organs. Table 7 also shows that Irgarol 1051 and Fenitrothion concentrations in whole fish and selected marine animals were above the Japanese maximum residual limits (MRL) in foods (Japan Food Chemical Research Foundation, 2007) . It also shows that 21% of the samples were above the Diuron MRL. The BCF in whole fish and selected marine animals samples are shown in Table 6 . The BCF indicated that these organisms accumulated pesticides. The range of BCF was similar to that found in plankton (10 3 -10 4 ).
Plankton samples
Fish and selected marine animals samples
Boxplots of Diuron, Irgarol 1051 and Fenitrothion
Boxplots for samples collected from coastal areas and also for whole fish and marine animals of the Seto Inland Sea are shown in Fig. 3 . The proportion of concentration distribution was almost equal within the range of the 25th percentile to median and median to 75th percentile in surface waters, bottom waters and sediments. In plankton, the range from median to 75th percentile was larger than that of the 25th percentile to median for Diuron and Irgarol 1051. The widest concentration range was shown in whole fish and selected marine animals. Diuron and Fenitrothion concentrations were mostly distributed in the range of the median and the 75th percentile. Irgarol 1051 concentrations were distributed mostly within the 25th percentile and the median. The wide distribution ranges in fish and selected marine animals are due to differences in accumulation patterns among the species.
DISCUSSION
Water samples
The highest concentrations of Diuron and Irgarol 1051 found close to shipyards and a port in this study are similar to those reported in other studies done in Japan (Okamura et al., 2003; Eguchi et al., 2010; Balakrishnan et al., 2012; Harino et al., 2012) . The ratio (1.89) calculated from average surface water data in ports and marinas under current study indicates that amount of Diuron is about twice as much as Irgarol 1051. This compares well with the study of Balakhrishnan et al. (2012) whereby the ratio of Diuron to Irgarol 1051 in harbours and marinas was 2.02. In the same areas, an earlier study by Okamura et al. (2003) indicated that the ratio of Diuron to Irgarol 1051 calculated from mean surface water values was 7.84. Over the years, there is an indication that Irgarol 1051 usage has increased in the Seto Inland Sea. For example in the current study, the maximum Irgarol 1051 concentration was 1.07 µgl -1 as compared to 0.262 µgl -1 found by Okamura et al. (2003) . It is well documented that alternative biocides (including Diuron and Irgarol 1051) are commonly elevated in areas of high yachting activity, particularly in marinas, sportive harbors and shipyards (Basheer et al., 2002: Konstantinou and Albanis, 2004) . Yamada (2007) noted that biocides exceed their predicted no-effect concentrations especially in marinas and fishery harbours suggesting that they are already unbalancing aquatic ecosystems in such areas. Concentrations recorded in this study in water samples were within the range of those noted worldwide by Yamada (2007) and Konstantinou and Albanis (2004) . It is also well documented that estuaries and coastal marine environments are some of the most ecologically altered by human activities receiving large amounts of hazardous organic chemicals including pesticides (Mitra et al., 2011) . Our results concur with this as Fenitrothion concentrations were highest close to the River Yodo mouth. Also the contribution of Diuron pollution from rivers feeding into the Seto Inland Sea could be significant. This is confirmed by a study done by Sakugawa et al. (2010) who estimated that a significant portion of Diuron discharged into Hiroshima Prefecture rivers end up into the Seto Inland Sea with little or no degradation hence being a potential source of pollution in coastal waters. The risk posed by some pesticide concentrations observed in this study, to aquatic organisms, is discussed below. Some of the Diuron values in surface water samples close to shipbuilding industries (Shipyard A and Shipyard B) and Hiroshima port were higher than 0.1 µgl -1 , which reduces photosynthesis in two species of sea grasses (Zostera capricorni and Halophila ovalis) (Haynes et al., 2000) whereas concentrations above 1 µgl -1 found in these areas has been shown to cause significant reduction of the symbiont population in tentacles of symbiotic juveniles of the hermatypic coral Acropora tenuis (Watanabe et al., 2006) and also reduce photosynthesis of the coral, Galaxea facsicularis (Sheikh et al., 2012) . At Shipyard A and Shipyard B, Irgarol 1051 concentrations were higher than 1 µgl -1 , which inhibits photosynthesis in the coral Galaxea facsicularis (Sheikh et al., 2009) while 0.05 µgl -1 can cause growth inhibition in spores of the green macroalga, Enteromorpha intestinalis (Scarlett et al., 1997) .
Sediment samples
Apart from Fenitrothion, the presence of Diuron and Irgarol 1051 in sediments has also been reported in other studies. In Japan, Diuron and Irgarol 1051 have been detected in sediment cores (core depth: 10 cm) up to a concentration of 0.5 µgkg -1 and 0.2 µgkg -1 , respectively from the Nankai trough (water depth: 4010 m) (Harino et al., 2009) . Balakrishnan et al. (2012) found same pesticides in sediments of the Seto Inland Sea which were within range of those found in the present study. Irgarol 1051 is relatively hydrophobic and partitioning to sediments has been observed at various sites (Lamoree et al., 2002) . A study by Stork et al. (2008) found that the concentrations and ratio of Diuron and its metabolite indicated that they had prolonged residence times and a potential for accumulation in sediments. Although there is no information in literature on the concentrations of Fenitrothion in sediments, its concentration distribution pattern from coastal areas was similar to that of Diuron and Irgarol 1051 (i.e., highest close to river mouths and lowest away from the coastal areas).
Plankton samples
The concentration range and distribution of pesticides in plankton in present study are similar to those reported by Balakhrishnan et al. (2012) . The ranges of BCF in plankton for all pesticides were within 10 3 -10 4 . This is attributed to the fact that the log(P ow ) (Logarithm of Octanol-water partitioning coefficient) of the pesticides is almost the same, i.e., 2.9, 2.8 (Harino, 2004) and 3.3 (FAO, Food and Agricultural Organisation, 2010) for Diuron, Irgarol 1051 and Fenitrothion, respectively. The BCF were compared to Nonylphenol (logP ow ); 3.28 (ICSC, International Chemical Safety Cards, 2005 ) from a study done in the Seto Inland Sea on plankton by Watanabe et al. (2004) and they were within the same range. According to Balakhrishnan et al. (2012) , the coastal area of Japan receives runoff from agriculture and local industry and urban domestic wastewaters. Although only few quantitative data are available on commercial ship bottom paints used in the Seto Inland Sea, contribution of all these sources to pesticide pollution in this area is highly likely.
Fish and selected marine animals samples
Fish are known to accumulate many pesticides, those dwelling at the bottom of the sea have consistently higher concentrations as compared to other feeding groups as shown in this study. This is because they have a greater exposure to pesticides concentrated at the sedimentwater interface (sediment act as contaminant sink) and likely accumulate pesticides from mud ingested with their food (Cooper and Knight, 1987: Afful et al., 2010) and also due to their feeding habits whereby they are mostly either carnivores or omnivores (high trophic level organisms are exposed to more pollutants through biomagnification) (Sung-Hoi and Seok-Nam, 1998 : Nakate, 2012 : Ahmad-Syazni et al., 2013 : Noel et al., 2014 . This is further supported by studies done by Pazou et al. (2006) who found high pesticide concentrations in benthic than pelagic species. Studies have also shown that invertebrates have lower metabolic rates as such they easily accumulate pollutants (Uno et al., 2001 ) which explains why the concentrations of pesticides were higher in C. gigas and M. acclivis. C. gigas is a cultured oyster produced in the Hiroshima Bay which accounts for 60% production of this organism in Japan. Production is through a hanging culture method by rafts of bamboo spread over the Bay since after 1960 (Hirata and Akashige, 2004) . Earlier studies at Hiroshima port by Balakhrishnan et al. (2012) found concentrations of Diuron and Irgarol 1051 in surface waters in the harbour area to be 1.7 µgl -1 and 1.05 µgl -1 , respectively. In this study, Diuron, Irgarol 1051 and Fenitrothion were all detected in the Hiroshima Bay water samples, a potential source of pesticides accumulated by C. gigas. Although Conger myriaster is also a bottom dwelling fish, its concentration of pesticides was not as high as others living in the same habitat. This is partly because the habitats for adults and juveniles for this specific type of fish are separate (Okamura et al., 2000) . The concentrations of pesticides were also lower in the bottom dwelling fish P.
herzensteini. According to Bouquegneau and Joiris (1988) , some sea water fish have developed mechanisms which limit bioaccumulation of pollutants. These mechanisms include losing pollutants through diffusion in the general body surface, excretion and trapping of pollutants in mucus corpuscles which are eliminated together with general body wastes. These mechanisms explain the low concentrations of pesticides in P. herzensteini among many other factors. The accumulation pattern of pesticides is also dependent on species. In a study by Sultana et al. (2012) , different species of shrimp (Penaeus merguiensis, Penaeus penicillatus and Artemia sp.) were exposed to organochlorines in ponds for a period of four months and it was found that Artemia sp. accumulated more of the pesticides than the other species. This explains why M. acclivis had high concentration of pesticides as compared to M. ensis.
The accumulation of pesticides in fish and aquatic organisms (as shown by the BCF values in this study) is well known. For Fenitrothion and its metabolites, about 0.3 µgg -1 were found to accumulate in tiger shrimps after a 24 h exposure to a concentration of 0.5 µgl -1 in water (Kobayashi et al., 1985) . In laboratory studies by Gunkel and Streit (1980) , atrazine (same class as Irgarol 1051) was rapidly accumulated in liver, brain, gill, intestine, and gallbladder of Coregonus fera and they concluded that high accumulation rates occur in organs of fish that have high blood circulation (e.g., liver, brain, gill and intestine). The maximum concentration of pesticides in fish tissues (fillets) in this study were at least two times lower than those reported by Barcelo et al. (1991) ; Sundaram (1994) ; Harino et al. (2006) and Harino et al. (2007) . This is attributed to the fact that data available for antifoulants was in bivalves which accumulate pesticides more than fish. Also, the data available for Fenitrothion was for freshwater fish which are exposed to higher concentrations of pesticides than marine organisms, hence the differences. There is no data available for antifoulants in whole fish and marine animals. However, a study on Fenitrothion in whole freshwater fish by Tsuda et al. (1992) found a maximum concentration of 1.511 µgg -1 which is also higher than 0.476 µgg -1 found in the present study. Although Diuron and Irgarol 1051 replaced the more toxic Organotin compounds as antifoulants, accumulation of these pesticides in organisms is a cause for concern. This is also the case for Fenitrothion which has generally replaced the more toxic organophosphate pesticide Parathion. There is therefore a need for further investigation of these pesticides in edible fish portions (such as fillet) in order to improve our decision making in terms of food safety. A further evaluation of the pesticides is also needed for whole organisms for the protection of aquatic ecosystems. This evaluation will be better done if samples are collected directly from the coastal areas of the Seto Inland Sea and results compared to food safety limits and non-observed effect concentrations (NOEC). This is important because pesticides have been shown to cause ecological damage (as discussed earlier) and they have the potential of wiping out some species in the Seto Inland Sea which would be a great economic loss. This is apart from the potential of exposure to pesticides through feeding by organisms higher up in the food chain, which can cause health complications.
CONCLUSION
This study assessed Diuron, Irgarol 1051 and Fenitrothion in water, sediments, plankton, fish and selected marine animals from the Seto Inland Sea, Japan. The contamination of these pesticides decreased away from coastal areas. Source of Diuron and Irgarol 1051 is mainly from ship industry while Fenitrothion originates from rivers draining surrounding areas and then flowing into the Seto Inland Sea. The Bioconcentration Factors (10 3 -10 4 ) demonstrated that plankton and whole fish samples accumulated pesticides. The accumulation of pesticides in fish and marine animals should be further evaluated in terms of food safety and marine ecosystem protection. This should be done by analysing more samples from different areas of the Seto Inland Sea and comparing results to food safety limits, non-observed effect concentrations (NOEC) and quantities of pesticides used.
